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Despite the best intentions of the United States educational system, implementing science 
reform efforts equitably and consistently throughout the nation is still a long-term goal. 
The light of scientific literacy has yet to shine brightly in many rural, isolated and eco-
nomically depressed regions. Using Appalachia as a case in point, this paper provides a 
synopsis of the challenges of quality rural science education in the United States and the 
hope of new contextual and culturally relevant pedagogies aimed at engaging science 
students in inquiry research using their environmental surroundings as cognitive scaffold-
ings. The program Reading the River is showcased as an exemplary use of the students’ 
‘backyard’ to integrate content knowledge in biology, chemistry, geology, physical 
science, social studies, practical living and mathematics. 
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Introduction 
In the United States of America, the quest for better science preparation is one of the basic 
pillars of school education. This preparation takes two inter-related forms, described by Ro-
berts (2007) as developing knowledge about the processes and products of science (science 
literacy) and the social applications of science (scientific literacy). With the guidance of the 
National Science Education Standards (National Research Council, 1996) and the Benchmarks 
for Science Literacy (American Association for the Advancement of Science [AAAS], 1994), 
current and future K-12 science teachers should, in theory, be familiar with the importance of 
preparing students to have an appreciation for the values and principles of science, as well as a 
broad understanding of the body of knowledge associated with science, the processes of 
science and the scientific way of thinking. Moreover, the use of this information in daily deci-
sion-making about the natural world is emphasized in many school science curricula (Victor, 
Kellough, & Tai, 2008). However, in practice, implementing an effective inquiry-focused, 
reform-based science education program that increases the science literacy of all students re-
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mains problematic. Some of the reasons include large class size, limited resources, lack of 
hands-on equipment, and teachers’ limited experience in inquiry science and complacency 
with direct instruction. Similarly, teacher resistance to invest additional time and effort in 
planning and assessing has been reported (Duschl, 1990; Gallagher, 1989; Roehrig & Luft, 
2004; Songer, Lee, & McDonald, 2003). 
Many research studies have shown that the single most important school-based factor that 
contributes to student academic progress is the presence of a highly effective teacher in the 
classroom, that is, a teacher with mastery of both content and pedagogical knowledge (Appa-
lachia Regional Advisory Committee, 2005). However, not all classrooms have access to ef-
fective science teachers, especially schools outside urban and suburban areas. Although rural 
and small town school districts represent about two thirds of all public school districts in the 
United States (Howley, 2001) and employ 40% of all public school teachers (Harmon, 2001a), 
they have difficulties attracting and retaining top quality teachers and implementing inquiry-
based science curricula, which significantly impacts scientific literacy. 
A few efforts to create and disseminate culturally relevant, place-based curricula that aim 
at a contextualized scientific literacy among rural students are in progress. The purpose of this 
paper is to provide a synopsis of the current issues that affect science literacy in rural areas, 
especially in the Appalachian region of the United States. In addition, this manuscript high-
lights an exemplary and successful professional development program for teachers in envi-
ronmental education that uses contextualized pedagogies. 
 
 
Background 
Understanding Rural Education in the USA 
The US Census (2002) defines the concept of rurality as all territory, population and housing 
units located outside of an urbanized area or an urbanized cluster. An urbanized area or cluster 
is defined in terms of a core population density of at least 1,000 people per square mile and a 
surrounding population density of at least 500 people per square mile. 
Education in rural areas faces a number of challenges. Overall, about 30% of rural and 
small town schools have inadequate buildings and almost 40% of the schools reported inade-
quate science laboratory facilities or internet access (US General Accounting Office, 1995). In 
Kentucky there are almost 1,400 schools and about 632,000 students. Fifty-five percent of the 
school districts in this state are rural (Appalachia Regional Advisory Committee, 2005). Ac-
cording to the Appalachia Regional Advisory Committee (2005), 34% of Kentucky schools 
failed to make adequate yearly progress under No Child Left Behind (2001). 
Another problem of rural areas is attracting and retaining quality teachers (Appalachia 
Regional Advisory Committee, 2005; Proffit, Sale, Alexander, & Andrews, 2004). Harmon 
(2001b) identified the causes for teacher shortages in rural areas: (a) social and cultural isola-
tion, (b) inadequate pay, (c) limited teacher mobility, (d) lack of personal privacy, and (e) high 
teacher turnover. As a consequence, a significant number of teachers might be required to 
teach outside of their discipline (Ingersoll, 2004).  
The scholarly investigation of rural education has been historically overlooked by gov-
ernment and academic institutions (Sherwood, 2000). Fortunately, rural education as a scho-
larly area of inquiry has grown significantly in the last decades (Beeson & Strange, 2003; Per-
roncel, 2000; Tuthill, 2000). Overall, in terms of rural education, reviews such as Kannapel 
and DeYoung (1999) have identified rural regions as contextually unique, noting that many 
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instructional improvements imported from other regions have not resulted in improved educa-
tional opportunities for rural students.  
 
The Challenges of Education in Appalachia 
Appalachia, a mountainous region of 23.6 million inhabitants, is formally defined by the Ap-
palachian Regional Commission (2008) as a 205,000-square-mile region that follows the spine 
of the Appalachian Mountains from southern New York to northern Mississippi. It includes all 
of West Virginia and parts of 12 other states: Alabama, Georgia, Kentucky, Maryland, Missis-
sippi, New York, North Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, and Virgin-
ia. Within the region, Northern, Central and Southern sub-regions have been identified. The 
region of interest in this paper includes Kentucky, West Virginia and northern Tennessee, 
known as Central Appalachia. 
The Appalachian region is poorer than the national average, with the Appalachian rural 
areas being even poorer than their respective state averages (Appalachia Regional Advisory 
Committee, 2005). Specifically, 25% of children in this region live in poverty. This is relevant 
in that education reform efforts have yet to show significant results in poorer communities 
(Teets, 2006). 
In Appalachia a number of disadvantageous geographical, social, economic and educa-
tional factors have coalesced. According to Ergood and Kuhre (1983), its mostly hilly terrain 
makes access difficult and limits the amount and quality of land available for agriculture. Its 
historical main industry, coal mining, has diminished in recent years, affecting the economic 
outlook of many families, and increasing unemployment and poverty (Mielke, 1978). Raitz 
and Ulack (1983) summarize the condition of Appalachia as “a region of mountains, coal min-
ing, poverty, tourism, welfarism, isolation and subsistence agriculture” (p. 10). 
Pearsall (1978) summarized the main cultural differences between the Appalachian cul-
ture and the mainstream professional culture. Appalachians typically think that humanity is 
subjugated to nature and God, which control people’s destiny. Consequently, a sense of fatal-
ism and low expectations among Appalachians is commonly reported in the literature (Har-
mon, Henderson, & Royster 2002; Wallace, 2001). For many Appalachians, their lives are not 
future-oriented, so planning for an uncertain future and following up with long-term behaviors 
to support the plans might not be seen as a wise time investment. In this regard, Appalachians 
are thus present-oriented, and experience-based. This may be one reason why some Appala-
chians fail to see a concrete, short-term link between academic achievement and better eco-
nomic opportunities (Harmon & Blanton, 1997). 
Research also suggests that Appalachian life is placed in the context of particular places, 
possessions, human relationships and community bonds (Harmon et al., 2002). Geographic or 
social mobility might not be seen as a positive outcome because it might mean leaving family, 
friends and places behind. In addition, Appalachians tend to be very religious, and see life as 
something that has to be endured to reap the rewards of salvation (Keefe, 2000; McCauley, 
2004). As a consequence, many perceive science with suspicion, as it frequently disagrees 
with Christian Biblical accounts, especially if the Christian Bible is construed as literal. 
Many Appalachian families are patriarchal and women are socialized to see themselves as 
inferior and be subservient to males (Gochros, 1974). This has important implications for 
schooling as it might negatively influence a female’s decision to stay in school, excel in aca-
demics and pursue a degree in higher education (Wallace, 2000). Wallace (2001), for instance, 
reported that female students were significantly more likely to receive discouraging messages 
from family members regarding higher education compared with male students. 
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The Appalachian region shares many of the same problems with education as other rural 
regions of the United States and has some unique problems, too. For a number of Appalachian 
families, there is a general recognition that formal education is necessary for achievement, but 
many perceive schooling to be a substitute for hard work (Wallace, 2001). Simply stated, the 
traditional Appalachian way of life and view of higher education no longer prepares its mem-
bers to face the challenges of 21st century America (Pearsall, 1978). 
Educational attainment in the region is below the national average (Appalachia Regional 
Advisory Committee, 2005). For example, in 1980, 66.5% of Americans had a school or col-
lege qualification. For Appalachian residents, the percentage was 57.3%. Ten years later, 
75.2% of Americans had a school or college qualification, compared with 68.3% of Appala-
chians. The latest US Census data for the year 2000 show a closing gap between American and 
Appalachian residents, with 80.4% and 76.8% respectively obtaining school or college qualifi-
cations (Shaw, DeYoung, & Rademacher, 2004). In Central Appalachia, the percentage of 
people with school or college qualifications is lower than the rest of the region (53.2% in 1990 
and 64.1% in 2000).  
In contrast, a widening gap is evident when the population with college or graduate quali-
fications is compared. In the last 30 years, the percentage of Americans with college or gradu-
ate qualifications went from 16.2% in 1980 to 24.4% in 2000. Appalachians who had college 
or graduate qualifications went from 11.2% in 1980 to 17.7% in 2000 (Shaw et al., 2004). In 
Central Appalachia, 2000 data suggest that 10.7% of the population had college or graduate 
qualifications. 
One of the most comprehensive studies examining education in Central Appalachia was 
completed by Smith-Mello (2002). He concluded that several main factors are directly related 
to student success: (a) an innovating and caring leadership; (b) dedicated faculty; (c) support-
ing programs such as peer tutoring, counseling, freshman orientation and training in study 
skills; (d) early identification of at-risk students and implementation of successful interven-
tions; (e) improving school accountability through better measurement and reporting; (f) pro-
viding economic incentives for students to go to college; and (g) increased cross-district 
communication of successful and unsuccessful instructional strategies. 
In the 21st century, with the introduction of the No Child Left Behind Act (2001) and a 
strong emphasis on qualified teachers and accountability, school improvement initiatives and 
incentives for students to complete high school and enter into college increased (Shaw et al., 
2004). Yet, the most recent report specifically examining the educational challenges of the 
Central Appalachia region identified five areas still needing improvement: (a) improving 
teacher and principal quality; (b) increasing outreach to and involvement of family and the 
community in the educational system; (c) identifying and implementing evidence-based curri-
cula and programs; (d) building organizational and management capacity; and (e) an increased 
collection and use of data for assessment, improvement and accountability (Appalachia Re-
gional Advisory Committee, 2005). 
 
Scientific Literacy in Rural America 
With few exceptions, small and rural schools usually lag behind or are completely bypassed 
on national or state trends in science education reform (Harmon & Blanton, 1997). Part of the 
reason includes a number of barriers for change identified in the literature, including: (a) the 
beliefs and values of the teachers, administrators, community and reformers; (b) consensus 
regarding the means for reaching a new science education vision; (c) student expectations; (d) 
who initiates the move towards change and the improvement of scientific literacy; and (e) 
institutional and cultural constraints (Veal & Elliot, 1996). 
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The literature examining science literacy in rural areas is described by many researchers 
as limited (Henderson, 2001). There is little evidence that science education reform efforts 
developed for urban and suburban regions translate effectively into rural areas in general, and 
with students from more economically depressed areas like Appalachian. In fact, Henderson 
(2001) identified almost 50 topics regarding scientific literacy in Appalachia in need of urgent 
research, including: (a) community support for science and science education; (b) the imple-
mentation of science instructional resources given the area’s remoteness, equipment cost, lack 
of infrastructure and lack of access; (c) the presence and role of knowledgeable leadership in 
science and science education; (d) pre-service science teacher preparation, induction into the 
profession and professional development of novice and veteran science teachers; (e) science 
curriculum, instruction and assessment in the context of rural schools; and (f) the interaction 
of sociocultural and economic variables in the attitudes about science among students and 
their parents. 
It has been suggested that rural science education should become increasingly contextual, 
that is, it should be rooted in the local culture and experiences. Instead of abstract learning and 
memorization, a ‘hands on’ approach where the nearby ecosystem becomes the classroom and 
the knowledge is clearly applied is suggested (Eller, 2001). 
 
Scientific Literacy in Central Appalachia 
Community and education leaders have started to realize that the future economic prosperity 
of Appalachia and the building of a skilled workforce are tied to a better education in mathe-
matics, science and technology (Harmon & Blanton, 1997; Harmon et al., 2002). As a conse-
quence, a number of efforts have been implemented to improve the science literacy of Appala-
chian students.  
Standardized test results can be used to estimate the current status of science literacy in 
Central Appalachia. For example, Kentucky annually offers the Commonwealth Accountabili-
ty Testing System (Kentucky Department of Education, 2006, 2008). The science portion of 
this test is designed to measure science content knowledge, science communication skills, 
problem solving strategies, connection between science disciplines and deductive reasoning. 
The test uses four performance levels: novice, apprentice, proficient and distinguished. The 
Kentucky Department of Education aims for all students to be at the proficient level or better.  
Between 1999 and 2008, the percentage of elementary school students at the proficient level 
or better has increased from 33% to 69% (Table 1). At the middle school level, the increase 
has been from 27% to 60% (Table 2). In 1999, 26% of the high school students scored at pro-
ficient or better, compared with 44% of high school students in 2008 (Table 3).  
Despite significant gains, on average, 4 out of 10 students in Kentucky have not met the 
goal of proficiency in science. A possible solution is research-based curricula that introduce 
students to the various aspects of science from a contextual and culturally-relevant perspec-
tive. This perspective is grounded in sociocultural theories of learning, which state that learn-
ing is informed and constructed by the interaction of the culture that the child brings to school, 
the culture of the classroom, and the social ties between and within teachers, students and the 
community (Alexander & Murphy, 1999; Barba, 1998). 
A curriculum that is contextually relevant recognizes that knowledge is made concrete 
and is acquired within a specific context, that is, a set of prior experiences, beliefs, values and 
knowledge (Balsam, 1985; Neperud, 1995). As a consequence, students can learn better if the 
topics covered are embedded in a familiar sociocultural context that can help students in mak-
ing the transition between the unknown and the familiar. Research suggests that reorganizing 
lessons to attend specifically to linguistic and cultural variations can promote educational ex-
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cellence (Cole & Griffin, 1987). Conversely, the ineffectiveness of decontextualized curricula 
has been documented (Erickson & Mohatt, 1982).   
A curriculum that is culturally relevant values and respects the unique culture of the stu-
dents, using it as a vehicle to foster learning (Banks, 1993; Banks & McGee-Banks, 1995; 
Grant, 1994; Nieto, 1992). In fact, Sleeter and Grant (2008), and Bennett (2007) already iden-
tified Appalachians as a distinct cultural group from the perspective of multicultural education 
research. This perspective has been identified by these and other researchers as a promising 
way to examine the challenges and possible solutions to the issue of education in Appalachia 
(Owens, 2000).  
One way to contextualize the teaching and learning of environmental science concepts is 
through direct experiences using field trips. Research has shown that field trips are a valuable 
experience for students and increase motivation for learning (Kern & Carpenter, 1984), enthu-
siasm and knowledge retention (Dweck, 1986; Hall, 1996; Wheater, 1989), and develop posi-
tive attitudes towards science and environmental concepts (Bitgood, 1989). Specifically, water 
quality monitoring programs, which are field-based and hands-on, have been shown to be an 
effective tool to improve educational achievement (Reeder, 1998).  
Another way is to provide reform-based, quality professional development for teachers. 
Like students, teachers also have increased motivation for learning, enthusiasm and know-
ledge retention, and a positive attitude towards science and environmental concepts from par-
ticipating in workshops that provide hands-on learning. In a survey conducted by Meichtry 
and Harrell (2002), K-12 teachers interested in environmental education preferred professional 
development workshop sites with hands-on learning opportunities for both the teacher and 
       Table 1. Science Performance Level Percentages for Elementary School Students in Kentucky 
 
Year Performance Level (%) 
 Novice
a
 Apprentice
b
 Proficient
c
 Distinguished
d
 
1999 18.05 49.28 27.21 5.46 
2000 14.41 49.66 30.41 5.52 
2001 11.70 46.80 34.50 7.00 
2002 11.13 47.36 34.98 6.53 
2003 8.15 44.98 37.84 9.03 
2004 6.93 38.07 40.78 14.26 
2005 5.55 40.29 40.63 13.53 
2006 7.36 35.49 39.29 17.86 
2007 7.33 26.52 38.71 27.44 
2008 7.29 23.79 39.69 29.23 
 
a. Novice: Student demonstrates minimal, limited, underdeveloped, and at times inaccurate content knowledge and 
reasoning; student communication is ineffective and lacks detail with no evidence of connections within or between 
content areas; student uses strategies that are inappropriate. 
b. Apprentice: Student demonstrates some basic content knowledge and reasoning ability; student communicates rea-
sonably well but draws weak conclusions or only partially solves or describes; and student attempts appropriate strat-
egies with limited success. 
c. Proficient: Student demonstrates broad content knowledge and is able to apply it; student communication is accu-
rate, clear, and organized with relevant details and evidence; student uses appropriate strategies to solve problems and 
make decisions; and student demonstrates effective use of critical thinking skills. 
d. Distinguished: Student demonstrates an in-depth, extensive, or comprehensive knowledge of content; student 
communication is complex, concise, and sophisticated with thorough support, explicit examples, evaluations, and jus-
tifications; student uses and consistently implements a variety of appropriate strategies; and student demonstrates in-
sightful connections and reasoning. 
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student. In addition, field trips allow for more sharing of ideas. Establishing an atmosphere 
that encourages the learners to create a group to support their professional development 
through meetings and discussions is a valuable tool in professional development programs 
(Monroe et al., 2005). This is often accomplished when educators are participating in activities 
and share ideas on how to best implement them in the classroom.  
 
 
Reading the Rivers: Exemplary Scientific Literacy in Appalachia 
This section aims at sharing experiences and impact of an exemplary program that integrates 
sociocultural and contextual viewpoints into environmental education. A detailed report of the 
success of the Reading the River program has been published (see Meichtry & Smith, 2007). 
The following paragraphs describe the project and its main findings. This project was selected 
by the authors because it is a commendable effort that can be replicated in similar rural areas 
both nationally and internationally. 
Dr. Yvonne Meichtry, previously of Northern Kentucky University, and Dr. Robert Bo-
ram, Morehead State University, co-developed the Reading the River program in the late 
1990s. The program’s title was inspired by renowned conservationist’s Aldo Leopold’s con-
cept of reading the landscape to discover and understand the natural and human forces that 
shape the environment. The objectives of the program were to increase the level of confidence 
and degree to which the teachers (a) use hands-on inquiry-based teaching, (b) integrate the 
          Table 2. Science Performance Level Percentages for Middle School Students in Kentucky 
 
Year Performance Level (%) 
 Novice
a
 Apprentice
b
 Proficient
c
 Distinguished
d
 
1999 34.08 38.45 20.89 6.59 
2000 32.87 38.75 21.35 7.03 
2001 30.85 39.11 22.03 8.01 
2002 28.22 38.56 23.57 9.65 
2003 28.68 37.52 22.83 10.97 
2004 23.51 35.66 25.99 14.84 
2005 23.53 35.84 27.18 13.46 
2006 22.23 35.05 26.23 16.49 
2007 11.16 32.89 39.83 16.13 
2008 10.42 30.03 41.98 17.57 
 
a. Novice: Student demonstrates minimal, limited, underdeveloped, and at times inaccurate content knowledge and rea-
soning; student communication is ineffective and lacks detail with no evidence of connections within or between con-
tent areas; student uses strategies that are inappropriate. 
b. Apprentice: Student demonstrates some basic content knowledge and reasoning ability; student communicates rea-
sonably well but draws weak conclusions or only partially solves or describes; and student attempts appropriate strate-
gies with limited success. 
c. Proficient: Student demonstrates broad content knowledge and is able to apply it; student communication is accurate, 
clear, and organized with relevant details and evidence; student uses appropriate strategies to solve problems and make 
decisions; and student demonstrates effective use of critical thinking skills. 
d. Distinguished: Student demonstrates an in-depth, extensive, or comprehensive knowledge of content; student com-
munication is complex, concise, and sophisticated with thorough support, explicit examples, evaluations, and justifica-
tions; student uses and consistently implements a variety of appropriate strategies; and student demonstrates insightful 
connections and reasoning. 
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sciences, (c) integrate science with other subject areas, (d) use community-based resources, (e) 
use the local environment, (f) teach real world current issues, (g) use technology in their 
teaching, (h) conduct field-based investigations, and (i) teach watershed topics (Meichtry & 
Smith, 2007). 
The first offering of the program was in 2001. The program has been successfully admi-
nistered for five years in the Licking River watershed. The watershed covers 21 counties in 
eastern Kentucky. The program has had teachers participating from all of the counties where 
the watershed is located, in addition to neighboring counties in eastern and central Kentucky, 
as well as southern Ohio. The teachers that have participated in the program ranged from pri-
mary to high school. A majority of the teachers were science and/or math teachers. The work-
shop is offered as a separate program or can be taken for graduate or upper college level cre-
dit. 
 
Program Description 
Reading the River consists of a one-week hands-on, inquiry-based summer workshop. The 
educators travel by canoe and van during a six-day field trip through the Licking River wa-
tershed; teachers are challenged to make new observations while learning about the biology, 
geology, land use, history and the culture of the Licking River watershed. Water quality was 
the unifying concept of the program. 
Content area specialists representing several state and local agencies are scheduled 
throughout the program to share their expertise on nonpoint source water pollution in relation 
to land use, history and culture. At no financial cost to the teachers, they learn biological, 
     Table 3. Science Performance Level Percentages for High School Students in Kentucky  
 
Year Performance Level (%) 
 Novice
a
 Apprentice
b
 Proficient
c
 Distinguished
d
 
1999 32.13 42.27 23.84 1.76 
2000 30.81 41.87 25.19 2.13 
2001 28.52 42.61 26.58 2.29 
2002 27.01 41.69 27.92 3.38 
2003 27.88 41.71 27.09 3.33 
2004 23.86 40.39 31.66 4.09 
2005 22.38 40.30 33.41 3.91 
2006 23.66 37.25 34.19 4.89 
2007 17.78 40.57 35.48 5.78 
2008 20.32 38.42 28.36 15.38 
 
a. Novice: Student demonstrates minimal, limited, underdeveloped, and at times inaccurate content knowledge and rea-
soning; student communication is ineffective and lacks detail with no evidence of connections within or between con-
tent areas; student uses strategies that are inappropriate. 
b. Apprentice: Student demonstrates some basic content knowledge and reasoning ability; student communicates rea-
sonably well but draws weak conclusions or only partially solves or describes; and student attempts appropriate strate-
gies with limited success. 
c. Proficient: Student demonstrates broad content knowledge and is able to apply it; student communication is accurate, 
clear, and organized with relevant details and evidence; student uses appropriate strategies to solve problems and make 
decisions; and student demonstrates effective use of critical thinking skills. 
d. Distinguished: Student demonstrates an in-depth, extensive, or comprehensive knowledge of content; student com-
munication is complex, concise, and sophisticated with thorough support, explicit examples, evaluations, and justifica-
tions; student uses and consistently implements a variety of appropriate strategies; and student demonstrates insightful 
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physical and chemical water monitoring techniques, while integrating biology, chemistry, ge-
ology, physical science, social studies, practical living and mathematics. Teachers that partici-
pate in the workshop are also required to attend two follow-up sessions during the academic 
year. The follow-up sessions allow them to refine and share the lessons and curricular mate-
rials developed as a result of the workshop. The teachers participated in additional training. 
The program is funded and supported through a variety of sources, including local, state and 
federal agencies, non-profit organizations and private businesses. 
The field trip begins at the Magoffin County headwaters of the 300 mile long Licking 
River. Participants are immediately immersed in the watershed, making observations and col-
lecting data. They are also introduced to the local culture and heritage. Moving downstream, 
participants visit Cave Run Lake in Rowan and Bath counties to learn about the economic and 
environmental impacts of this 8,300-acre impoundment. Land use changes and the impact of 
land use on water quality are observed and examined as the educators travel from upland coal-
Table 4. Typical schedule of events for the Reading the River program.a 
 
Day Activities 
1 Training and watershed overview (Stream volume and flow rate, chemical monitoring, macroin-
vertibrate sampling techniques, habitat assessment, plankton and fecal coliform sampling tech-
niques, geological positioning system). 
2 Geology, biology, and botany of the headwaters 
Stream monitoring (Site 1 at headwaters and downstream sites, site 2, and site 4) 
County Historical Society tour 
Legal aspects of water quality protection 
Clean Water Act and state regulations 
3 National Forest practices related to watershed management 
Forestry Service resources for teachers 
Fishes of KY presentation 
Tours: Dam and fish hatchery 
Electrofishing fish identification 
Pontoon study of lake created by dam (Aquatic productivity, chemistry profile, plankton sam-
pling) 
Wetlands overview at national park site 
4 Mussel classroom presentation 
Mussel field study at river site 
Stream monitoring (site 4 and site 5). 
Downstream canoe trip (12 miles) 
State park museum and history presentation of river 
5 River watershed management framework 
Canoeing and stream monitoring at state park Site 6 
Flooding history and effects at local flood site 
Stream monitoring Site 7 
Farm site: Agricultural best practices along the river system 
Stream monitoring Site 8 at farm 
Kentucky Waters music program 
6 Microanalysis of plankton collected during workshop 
Reflections and stream sampling Site 9 at the mouth of the river 
Storm water management in urban area and education outreach of water treatment agency 
Summary of data collection throughout week 
a. From Meichtry, Y. & Smith, J. (2007). The impact of a place-based professional development program on teachers’  
confidence, attitudes, and classroom practices. The Journal of Environmental Education, 38(2), 15-34. 
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bearing areas downstream through agricultural lands, finally reaching the urbanized area near 
the Licking River’s confluence with the Ohio River in Northern Kentucky, near Cincinnati, 
Ohio. A detailed description of each day’s activities is presented in Table 4. This in-depth, 
sequential analysis of a local ecosystem was carefully designed to address some of the short-
comings in the preparation of contextually-aware science teachers, as described in the litera-
ture (Eller, 2001; Henderson, 2001; Owens, 2000; Reeder, 1998; Sleeter & Grant, 2008). 
 
Evidence of Success 
The program has used a variety of tools to measure the success of the program in terms of its 
main objectives, that is, impact on teachers’ confidence and quality of the program’s instruc-
tion. The researchers prepared a pre-test (administered the first day of the project) and a post-
test (administered the last day of the project). The same post-test was administered nine 
months later to assess the long-term impact of the program. These assessments included a sec-
tion for participants to write comments and 5-point Likert-type scales. The responses were 1 
(very low), 2 (low), 3 (average), 4 (high), and 5 (very high). This scale was chosen because it 
is one of the most commonly used scaling techniques, has been shown to be reliable, valid, 
and responsive, it is easy to use and understand by the researcher and the participant, and its 
coding and interpretation is straightforward (Hasson & Arnetz, 2005; Jaeschke, Singer, & 
Guyatt, 1990; Svensson, 2000; Vickers, 1999). Despite some of the limitations discussed in 
the literature (e.g., wording of the response alternatives might affect participants’ responses, 
might not be appropriate for complex subjective scenarios), the Likert scale was perceived as 
a better option than other scaling techniques, such as visual analogue scales (McCormack, 
Horne, & Sheather, 1988). Meichtry and Smith (2007) reported that the internal consistency 
reliabilities of the assessment items grouped by theme were: 0.79 (technology), 0.85 (teaching 
and instructional strategies), 0.82 (community resources), 0.82 (conducting field-based inves-
tigations), and 0.83 (ability to teach watershed topics). In addition, the researchers interviewed 
some of the participants. 
Below is a summary of the pre- and post- evaluation results. The authors are only hig-
hlighting responses with significantly different means between the pre and post results. Statis-
tical details from the MANOVA analysis, including F and p values are available from 
Meichtry and Smith, 2007.  
Teachers showed statistically significant improved confidence in the use of many instruc-
tional technologies, such as water quality sampling kits, labware, probes, graphic calculators, 
microscopes, videoscopes, presentation software (Powerpoint), and digital cameras. Their 
confidence in using internet web sites for research and support materials did not change during 
the duration of the project.  
In terms of the participants’ confidence in the use of instructional strategies, they signifi-
cantly improved in addressing gender and minority equity and integrating science as a subject 
with other subject areas. Their confidence in using hands-on instructional strategies, using 
inquiry-based teaching strategies, and integrating the sciences in teaching remained about the 
same throughout the project. 
Teachers significantly improved their confidence in using community resources. Three 
examples of these are guest speakers, visiting natural environment field sites related to wa-
tershed studies, and leading field trips to watershed-related community resource sites. Similar 
gains were observed in their confidence to conduct field investigations, such as water chemi-
stry, and macroinvertebrate, fish, and geology studies. Furthermore, the participants reported 
increased confidence in their ability to teach watershed topics, and connections between 
science/real life, science/societal issues, and science/science careers. 
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In addition to the pre- and post- assessments, several open ended questions were asked. 
The first question was: What do you consider to be the strengths of this program? The hands-
on approach of teaching the workshop, the wealth of resources available to them, and the op-
portunity to network with field experts were commonly cited as strengths of the program. 
When asked “What do you consider to be the single most beneficial aspect of this program?” 
frequent responses included: (a) learning experientially so that teachers can teach students in 
the same manner; (b) learning about different resources and how to effectively use them; (c) 
receiving material and resources to take back to the classroom, allowing integration of know-
ledge gained into instructional practices; (d) gaining knowledge that gives confidence in 
teaching unfamiliar content; (e) becoming more aware of local problems with watersheds; (f) 
networking with people and agencies that can help participants to teach water topics; and (g) 
connecting a multitude of water-related issues and real world applications. 
The ultimate goal for improving teaching skills and quality of teaching is, of course, im-
proving student learning. Nine months after the summer project was completed, participants 
were asked “Did your participation in the program help to improve your students’ learning? If 
yes, describe the impact of the program on your students’ learning.” Many teachers cited that 
the students were more aware of their environment and the effects the community has on the 
local creeks and rivers. Others stated that the hands-on teaching approach, especially when 
field work was integrated, resulted in a positive way to help the students to remember. Teach-
ers agreed that the strategies and content modeled by the Reading the River staff and field 
experts would definitely increase student comprehension and connections to real life issues 
and responsibilities. The teachers were also able to incorporate water quality studies with 
nearby school ponds. 
 
 
Conclusion 
Rural science education, especially for students from economically depressed areas like Appa-
lachia, presents a series of impressive challenges that are currently being addressed through 
the efforts of students, teachers, school administrators, community leaders and education 
agencies. The Reading the River program, designed to provide quality field-based, hands-on 
professional development in environmental education (as recommended by Meichtry & Har-
rell, 2002) in which communication, dialogue, and analysis is in-depth and on-going through 
the week of activities (as recommended by Monroe et al., 2005) has increased the level of 
confidence of teachers in regards to how they (a) use hands-on inquiry-based teaching, (b) 
integrate the sciences, (c) integrate science with other subject areas, (d) use community-based 
resources, (e) use the local environment, (f) teach real world current issues, (g) use technology 
in their teaching, (h) conduct field-based investigations, and (i) teach watershed topics. The 
design, implementation and positive findings of Reading the River are consistent with similar 
studies that incorporated contextual and culturally relevant experiential education, using local 
settings, community-based experts, and reflective practice (Ciffone, Morelock, Turner, Sivek, 
& Daudi, 2002; Lieberman & Hoody, 1998; Meichtry & Smith, 2007). 
Of course, the success of Reading the River must be examined in the context of potential 
methodological and data collection limitations. Self-selection for participation and self-
reported data that are not compared with direct follow-up classroom observations of science 
teachers implementing what was learned in the project must be disclosed for the proper analy-
sis and generalization of the findings. Overall, the teachers’ increase in both subject matter 
and pedagogical content knowledge (Appalachia Regional Advisory Committee, 2005) within 
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the unique context of Appalachia (Kannapel & DeYoung, 1999) represents a replicable pro-
gram that uses contextual and cultural relevance to ensure the scientific literacy of both stu-
dents and teachers. 
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